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ABSTRACT

In the early spring of 1997, a 900-KVA, utility-tied photovoltaic
power station was installed at the U.S. Arny Yuma Proving G ound
(YPG, in the southwest corner of Arizona (see Fig. 1). The
systemw || be used to of fset peak demand and serve as an
energency power systemfor YPG s water treatnment plant. The
power station includes 450-kW of Sienens M55 nodul es, 5600- kW
of C&D notive power batteries (see Fig. 2), and a 900- KVA power
processing (see Fig. 3) and control systemfrom Trace
Technol ogi es. Enhanced by the battery |oad | eveling system the
power station has the capacity to reliably provide from 450- up
to 825-KVA to YPG s utility grid during the sumrer peak demand
season. The YPG system has three basic operating nodes: (1)
daytime utility-tied, (2) nighttime utility-tied, and (3) stand-
al one. The anount of power delivered to the grid is governed by
ei ther avail able power fromthe PV array or by a power |evel
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defined by the user, whichever is greater.
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FIGURE 1. THE 450- KWP PHOTOVOLTAI C ARRAY

FI GURE 2. BATTERI ES FI GURE 3. PONER PROCESSI NG

I NTRODUCTI ON

Yuma Proving Ground had a ribbon-cutting cerenony for its 900- KVA
Phot ovol tai c Power Station, on March 25, 1997. The cel ebration
mar ked the cul m nati on of exactly five years of planning and
wor ki ng towards having this unique systeminstalled. A nunber of
U S. Departnment of Defense (DoD) and Departnment of Energy (DCE)
agenci es have been directly involved with the project's

i npl ementation, since the initial concept devel opnent neeting on
March 26, 1992 [1].

PROQJIECT H STORY

A few nonths before that first neeting, YPG s Energy Manager
contacted the U . S. Arnmy Construction Engi neering Research
Laboratories (USACERL) for sone advise about a projected 40%
increase in use of electricity at YPG Because of Base
Real i gnment and C osure (BRAC), it had been determ ned that YPG
woul d be a "gaining" facility, nmeaning that selected activities
fromother DoD installations would be noved to YPG At that
time, nost of YPGs electricity was being provided as cheap
hydroel ectric power fromthe Western Area Power Adm nistration
(WAPA). However, YPG had al ready exceeded their WAPA increnent
and any |load growth resulting from BRAC woul d have to be served
by their local utility, Arizona Public Service (APS). APS s
energy and demand rates were alnost ten times WAPA's. In
addition, WAPA was instituting a new policy requiring its major
custoners to formulate Integrated Resource Plans (I RP), which

i ncl uded devel opi ng renewabl e energy resources. |If the
conditions of the IRP were not nmet, WAPA reserved the right to
reduce the hydroel ectric increnent by 10%



YPG knew t hat USACERL was the Arny nenber of the DoD Photovoltaic
Review Comm ttee (PVRC) and that they m ght assist YPG in

devel oping a PV project which would help with both its projected
increase in electrical demand and its WAPA requirenents. A
utility-tied PV systemis a renewabl e energy technol ogy that
coul d serve as peaki ng equi pnent because it woul d generate high-
value electricity at the sane tinme YPG experiences its peak
demand, on summer afternoons when the sun is shining and all of
the air conditioners are on. Normally, the cost of a PV system
is too high to be conpetitive wth conventional powerplants, even
at APS's high rates. But when the benefit of avoiding the 10%
decrease of cheap WAPA electricity was factored in, a utility-
tied PV project becane very attractive.

PRQIECT FUNDI NG

Fortunately for YPG Congress had just added $6M specifically
set aside for renewabl e energy projects, to the existing $30M DoD
Energy Conservation Investnent Program (ECIP). The PVRC was
responsi ble for identifying appropriate PV projects and was

| ooking for one to represent DoD in the DOE program

Phot ovoltaics for Uility Scale Applications (PVUSA). YPG and
USACERL devel oped an ECI P proposal for a Phase | project, a 150-
kWb Phot ovol taic Peaking Plant with the ability to expand to as
| arge as a 600-kW PV array. The proposal was endorsed by the
PVRC, designated its PVUSA project, and was eventual ly approved
and funded.

SCALE AND CAPABI LI TIES OF THE YPG POANER STATI ON | NCREASE

Since those early begi nnings, the project has grown in size and
al so in recognition anong the renewabl e energy community. \When
the project was turned over to Sacranmento District Ofice of the
US. Arny's Corps of Engineers for design-build contractor
selection, it was nom nated and sel ected as one of DoD s Federal
Ener gy Managenent Program Showcase Facilities. Additional EC P
funding was used to increase the size of the PV array to the
present 450-kW (DC side). The final design includes a one-axis
tracki ng system (see Fig. 4) and the capability of operating in
an isolated-grid, stand-alone node. |If there is ever an extended
utility outage, the PV Power Station will continue to provide
electricity to YPG s nearby water treatnent plant.

In FY94, the Naval Air Wapons Station, in partnership with
Sandi a National Laboratories (the Navy and DOE nenbers of the
PVRCO), initiated a devel opnent programto add battery | oad-

| eveling equi pnent, including an additional 450-KVA of power
processi ng capacity [3]. This enhancenent nearly doubl es the
pl ant's peak-shaving capacity from 450 to 825-KVA, ensures a



m ni mum peak-shavi ng capacity of 450-KVA during overcast or
scattered cloud conditions, and provides back-up power to YPG s
critical water treatnent plant |load, during utility outages [4].

FIGURE 4. SINGLE- AXI'S TRACKI NG SYSTEM [ 2]

EQUI PMENT | NSTALLATI ON

Sacranento District Ofice awarded the design-build contract to
Uility Power Goup in early 1996 and construction began | ater
that year, under the supervision of the Los Angeles D strict

O fice. The construction schedul e planned for the systemto be
operational by early spring of 1997, in time to have sone i npact
on YPG s peak demand for the upcom ng cooling season. However,
several weeks of unseasonably hot weather in |ate February and
early March caused the 1997 peak to be established before the
900- KVA PV Power Station was fully on line. Performance data on
how wel | the systemis able to peak shave will have to wait until
t he sunmer of 1998.

SYSTEM CONFI GURATI ON AND OPERATI ON

A bl ock diagramof the YPG system (see Fig. 5) shows that the
900- KVA power processing systemconsists of two identical 450-KVA
subsystens. Each 450- KVA subsystem consi sts of two 225- KVA
inverter/rectifiers; a master and a slave. Each 225-KVA
inverter/rectifier includes a 225-KVA PV maxi num power tracker
(MPT) and a 225-KVA bi-directional dc/dc converter for the



battery. The MPTs and the battery dc/dc converters allow the
inverter/rectifiers to operate at a higher voltage than the PV
array and battery. In this case, the inverter/rectifiers operate
at 750 vdc while the PV array operates at a nom nal 375 Vdc and
the battery operates at a nom nal 432 Vdc. The higher
inverter/rectifier voltage increases both the efficiency and
capacity of the inverter/rectifiers. The PV array and battery
are divided into two halves. One half of the array and battery
feed the master MPTs and battery dc/dc converters, and the other
hal f feeds the slave MPTs and battery dc/dc converters. The
operati ng node determ nes which MPTs, battery dc/dc converters,
and inverter/rectifiers operate at any one point in tine.

OPERATI NG MODES

The YPG system has three basic operating nodes: (1) daytinme
utility-tied, (2) nighttinme utility-tied, and (3) stand-al one.
Whenever utility power is present, the systemis either
delivering power fromthe array and battery into the grid
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power delivered to the grid is governed by either the avail able
power fromthe PV array or by a power |evel defined by the user,
whi chever is greater. The user defines power |levels via a
programmabl e power profile.

UTI LI TY-TI ED MODES



The operating nodes are illustrated using a typi cal
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(c) daytime utility-tied mode, with user profile (greater
than 450-kVA) greater than PV power.

FI GURE 7. VARI QUS

(d) nighttime utility-tied mode for battery charging.

OPERATI NG MODES



During hours 10 and 11, the user power profile calls for 450-kW
Only one 450- KVA subsystemis active for this node, but the
battery dc/dc converters (of the active 450-KVA subsystem are
activated to nake up the difference between the avail able PV
power and 450-kW (see Fig. 7b). Note that all array power is
delivered to the grid and only the shortfall is drawn fromthe
battery (see gray bars in Fig. 6). This direct use of the array
power realizes the maxi mum possi ble benefit fromthe array.

The user power profile calls for 750-kWduring hours 12 and 13.
Bot h 450- KVA subsystens are active in this node (see Fig. 7c).
One subsystem processes the array power (the battery dc/dc
converters are disabled), and the other subsystem processes the
battery power. In this node, one 450- KVA subsystem can deliver
up to approximately 375-KVA fromthe array and the ot her 450-KVA
subsystem can deliver up to 450-KVA fromthe battery for a total
of 825-KVA delivered to the grid. The ability to dispatch the
450- KVA subsystens provides two benefits. First, the power
processi ng systemis operated at a higher |oading, and therefore
at higher efficiencies, at power |evels bel ow 450-kWac. In
addition, the overall systemlife is increased by only operating
bot h subsystens when needed.

The battery is then recharged fromthe utility at night. Both
450- KVA subsystens and all battery dc/dc converters can be
activated to charge the battery (see Fig. 7c). The systemis
designed to provide a full battery recharge each night. The
power processing systemis designed to provide a taper current
charge once the battery reaches its float voltage |evel

STAND- ALONE MCDE

The power processing systemw ||l automatically switch fromthe
utility-tied node to the stand-al one node in the event of a
utility outage, and it will automatically switch back to the
utility-tied node when utility service is restored. In the event
of a utility outage, the power processing system shuts down while
the water treatnent plant is electrically isolated fromthe
utility grid. The power processing systemrestarts in a stand-
al one node with the sane conponent configuration as the daytine
utility-tied node (user profile less than PV power). Only one of
t he 450- KVA subsystens can operate in the stand-al one node at a
time (see Fig. 7b). If the avail able PV power exceeds the power
demand of the water treatnent plant, the excess PV power is used
to charge the battery through the battery dc/dc converters.

SYSTEM CONTRCLLER

The controller is based on a system of m croprocessors.



Di stributed processors nonitor and interface with the subsystens,
whil e a personal conmputer (PC) collects and anal yzes the system
status data and then determ nes the appropriate operating node
for each subsystem The inplenmentation of the actual subsystem
operation of the PV power station is internal to the power
processi ng system (The isolation of the water treatnment plant
is inplemented by a renote pole-nmounted isolation swtch.)

For exanple, during battery charging the PCw Il collect the
battery tenperature, current, and voltage, determ ne the
appropriate charge current at that point in time, and then

i nstruct the power processing systemto charge the battery at
that current. The PC provides manual systemcontrol and is used
to nodify the user power profile and system set points, display
system status, and archive performance data. The system can be
controlled froma renote conputer as well.

CONCLUSI ONS

As nmentioned earlier, this is a unique systemand the

i npl emrentation of the project was only possible because of sone
uni que circunstances. In the near future, it is not likely that
nmore utility-tied PV powerplants will be installed at other DoD
installations. Nevertheless, this project has significantly
advanced systens integration and power conditioning technol ogies,
to a point that nore |arge-scale, isolated-grid PV/diesel hybrid
power pl ant applications can be identified and inplenmented within
DoD. There are hundreds, even thousands, of off-grid DoD
facilities which could take advantage of the econom cal and

envi ronnent al benefits that these systens have to offer.

Hopeful |y, the success of this project will al so rai se awareness
within the DoD community of the many other mature PV system
technol ogi es, already avail able for tens of thousands of cost-
effective applications at their facilities.
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